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Brood-year 2010 Winter Chinook juvenile Production Indices with Comparisons
to Juvenile Production Estimates Derived from Adult Escapement

William R. Poytress and Felipe D. Carrillo

U.S. Fish and Wildlife Service
Red Bluff Fish and Wildlife Office

Abstract— Brood-year 201@uvenile winter-run Chinook salmon passage at Red Bluff
Diversion Dam (RBDD) was 1,281,778 fry and pre-dfsaiolts combined, representing
a juvenile cohort replacement rate of 0.88 from 208/e compared rotary-screw trap
fry-equivalent juvenile production indices (JPIts) fry-equivalent juvenile production
estimates (JPE's) derived using the National Oceamil Atmospheric Administration’s
National Marine Fisheries Service JPE model. TRE dhodel uses estimates of adult
escapement from the winter-run Chinook salmon sarcairvey as the primary variate.
The fry-equivalent rotary trap JPI for brood-yea€01@ was 1,566,507. The 90%
confidence intervals (Cl) around the estimate w888,163 (lower) and 2,144,851
(upper). The brood-year 2010 NMFS JPE was 1,88&hd fell within the 90% CI
about the rotary trap JPI; exceeding the lower 9@8te by approximately 61,000
juveniles. Rotary-screw trap JPI's continued tocbeelated strongly in trend when
compared to carcass survey JPES 0.84, P < 0.001, df = 12). No significant
difference was detected between rotary trap JRtlscarcass survey JPEs=(-0.63,P =
0.54, df = 12).

Egg to fry survival rates were estimated using aestapement, fecundity data and the
rotary trap JPI.The calculated 13-yeaverageegg to fry survival rate was identical to
the 25% static value input into the NMFS JPE modal.2010 however, the JPI egg to
fry survival value was estimated at 37%, in exadsene standard deviation of the 13-
year average. Winter run Chinook salmon spawninthenhighly regulated (e.g., flow,
temperature and gravel augmentation) Sacramenter Riystem should, at times, see
very high levels of recruitment success or spawffigiency in the absence of density
dependent factors.

Overall, the relationship between the direcasuee of juvenile abundance (JPI) and

the indirect or modeled approach using carcassegutata remains strong. The addition
of the 2010 data continues to support this relatign
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Introduction

Winter-run Chinook salmon is one of four distifiectns” of Chinook salmon
(Oncorhynchus tshawytschapesent in the upper Sacramento River, California.
Distinguished by the season of the returning aspdivning migration, the winter-run
Chinook salmon begin their return from the oceath&Sacramento River in December
(Vogel and Marine 1991).

Winter-run Chinook salmon have been federallytishs an endangered species
since 1994 Numerous measures have been implemented tacpestd conserve the
endangered winter-run Chinook salmon. One pratectieasure is adaptively managing
water exports from the Central Valley Project'scirRumping Plant and the State Water
Project's Harvey Banks Delta Pumping Plant in taer&nento-San Joaquin Delta
(Delta). Exports are managed to limit entrainnantivenile winter-run Chinook
salmon (hereafter referred to as winter Chinookjualy migrating through the Delta
seaward. The United States Bureau of Reclamati®BR) and the California
Department of Water Resources are authorized bi#tienal Oceanic and Atmospheric
Administration’s National Marine Fisheries Servi{déMFS) for incidental take of up to
two percent of the annual winter Chinook populagstimated to be entering the Delta
and recovered at the pumping facilities (CDFG 1998)e NMFS uses a juvenile
production model to estimate abundance of the jlevennter Chinook population (JPE)
entering the Delta. Historically, the model hasduadult escapement estimates derived
from Red Bluff Diversion Dam (RBDD) fish ladder ads (Diaz-Soltero 1995, 1997,
Lecky 1998, 1999, 2000), but currently uses escapérstimates derived from the
winter Chinook carcass survey (Mclinnis 2002, NMESD.

The NMFS juvenile production model uses estimatdualt escapement as the
primary variate. One factor associated with inaacies of modeling juvenile production
is the estimate of female spawners, the secondteasf the JPE model. For the carcass
survey, the size composition of fish sampled oféals to skewed sex ratios. Adult
females are generally larger and may be more easibygnized and recovered than their
male counterparts (Boydstun 1994, Zhou 2002). eikample, in 1998, 1999, and 2000
the winter Chinook carcass survey male to femadile veas 1:8.9, 1:8.4, and 1:5.0,
respectively (Snider et al 2001). Between 20012010, the average ratio of natural
origin males to females was reported as 1:2.7 (USRA0L1). Moreover, currently used
carcass survey methodologies rely on several witestsumptions resulting in errors in
estimation affecting both the accuracy and pregisioannual adult estimates (USFWS
2011).

! The National Marine Fisheries Service first liswhter-run Chinook salmon as threatened under tergency listing procedures
for the ESA (16 U.S.C.R. 1531-1543) on August 894 FR 32085). A proposed rule to add wintein@bk salmon to the list of
threatened species beyond expiration of the emeygee was published by the NMFS on March 20, 1&FR 10260). Winter
Chinook salmon were formally added to the listeafdrally threatened species by final rule on Novamh 1990 (55 FR 46515), and
they were listed as a federally endangered speaidanuary 4, 1994 (59 FR 440). Critical habibatdinter Chinook salmon has
been designated from Keswick Dam (RM 302) to thel&o Gate Bridge (58 FR 33212; June 16, 1993). t&i@hinook salmon
have been listed as endangered under the CESASeptember 22, 1989 (California Code of Regulatidite XIV, Section 670.5).
Their federal endangered status was reaffirmedrie 2005 (70 FR 37160).



In light of the technical difficulties in estimag adult escapement described above,
the use of the JPE model may be subject to corabteetuncertainty. Estimated
escapement is just one factor affecting the acgurhdPE's. Another factor, not
addressed directly in the JPE model, is succesiseogpawning grounds. Many adult
salmon may return to spawn, but spawning and rgdrabitat conditions vary between
years and, at times, may not be favorable for ssfakreproduction (Heming 1981,
Reiser and White 1988, Botsford and Brittnacher8)99 he overall result being the
production of fewer juveniles than the JPE modellredict. Conversely, low adult
abundance (i.e., no density dependent effectsqoable spawning habitat conditions
may contribute to high survivorship of eggs andiiake in any given year. The use of a
static juvenile survival rate, the sixth variatehe JPE model, may introduce or
compound considerable error resulting in furtheejpile production estimate
inaccuracies.

The United States Fish and Wildlife Service (USFW&3 conducted direct
monitoring of juvenile winter Chinook passage attRBsince 1994. Martin et al. (2001)
developed quantitative methodologies for indexungepile passage using rotary-screw
traps. The USFWS rotary trap juvenile productiodices (JPI's) have been used in
support of production estimates generated frompesoant data using the JPE model.
Martin et al. (2001) stated that RBDD was an ideahtion to monitor juvenile winter
Chinook production because (1) the spawning grooedar almost exclusively above
RBDD (Vogel and Marine 1991; Snider et al. 1997 FW& 2011), (2) multiple traps
could be attached to the dam and sample simultaheaaross a transect, and (3)
operation of the dam could control channel morpgpland hydrological characteristics
of the sampling area providing for consistent samgptonditions for purposes of
measuring juvenile passage.

The objectives of this study were to (1) estimthgeabundance of brood year (BY)
2010 juvenile winter Chinook passing RBDD, (2) deftemporal patterns of abundance,
and (3) determine if JPI's from rotary trapping@an JPE's generated from carcass
survey data.

This annual report addresses, in detail, our jilwevninter Chinook monitoring
activities at RBDD for the period July 1, 2010 thgb June 30, 2011. This report
includes JPI's for the complete 2010 brood-yeargeation period and will be submitted
to the California Department of Fish and Game tmgly with contractual reporting
requirements for Ecosystem Restoration Programt@greement Number P0685507
and to the US Bureau of Reclamation who fundedraqmoof the year’s survey.

Study Area

The Sacramento River is the largest river systefalifornia, flowing south
through 600 kilometers (km) of the state (Figure [t )originates in Northern California
near Mt. Shasta as a mountain stream, widensdaaiits adjacent slopes of the Coast,
Klamath, Cascade, and Sierra Nevada mountain raagdgseaches the ocean at the San
Francisco Bay. Although agricultural and urbanelegment have impacted the river,



the upper river remains mostly unrestricted beloegWick Dam and supports areas of
intact riparian vegetation. In contrast, urban agdcultural development has impacted
much of the river between Red Bluff and San FrancBay. Impacts include, but are
not limited to, channelization, water diversionriagltural and municipal run-off, and
loss of associated riparian vegetation.

Red Bluff Diversion Dam is located at river-kilotae391 (RK 391) on the
Sacramento River, approximately 3 km southeadtetity of Red Bluff, California.
The dam is 226 meters (m) wide and composed oérlel8 m wide fixed-wheel gates.
Between gates are concrete piers 2.4 m in widtite USBR’s dam operators are able to
raise the RBDD gates allowing for run-of-the-rivenditions or lower them to impound
and divert river flows into the Tehama-Colusa CanafBR operators generally raise the
RBDD gates from September 16 through May 14 aneitdivem May 15 through
September 15 of each year. As of the spring 0020® RBDD gates can no longer be
lowered prior to June 15 and are raised by theoédigust or earlier (NMFS 2009)
an effort to reduce the impact to spring Chinodknsa and green sturgeoAdipenser
medirostrig.

M ethods

Sampling gea—Sampling was conducted along a transect usingZagum
diameter rotary-screw traps (E.G. Solutions® CdisaDregon) attached via aircraft
cables directly to RBDD. The horizontal placemeaintotary traps across the transect
varied throughout the study but generally samphedvier-margin (east and west river-
margins) and mid-channel habitats simultaneoustyufe 2). Rotary traps were
positioned within thesspatial zonesinless sampling equipment failed, river depthsewer
insufficient (< 1.2 m), or river hydrology restmect our ability to sample with all traps
(water velocity < 0.6 m/s).

Sampling regimes—In general, rotary traps sampled continuouslgulghout 24-
hour periods and were sampled once daily. Durargpds of high winter Chinook
abundance, elevated river flows, or heavy debeaddotraps were sampled multiple times
per day, continuously, or at random periods to cedacidental mortality. When
abundance of winter Chinook was very high, sub-deigprotocols were implemented
to reduce take and incidental mortality in accoogawith NMFS Section 10 research
permit terms and conditions. The specific sub-darggrotocol implemented was
contingent upon the number of winter Chinook cagduwsr the probability of successfully
sampling various river conditions. Typically, mytdraps were structurally modified to
only sample one-half of the normal volume of wdaines and Poytress 2004). If
further reductions in capture were needed, we dsexkthe number of traps sampling
from four to three. During storm events and assedi elevated river discharge levels,
each 24 hour sampling period was divided into fmusix non-overlapping strata and one
or two strata was randomly selected for samplingrtM et al 2001). Estimates were
extrapolated to un-sampled strata by dividing catgkhe strata-selection probability
(i,e.,P=0.250or 0.17). If further reductions in impactre needed or river conditions
were intolerable sampling was not conducted.



Data collection—All fish captured were anesthetized, identifiedpecies, and
enumerated with fork lengths (FL) measured to #erest millimeter (mm). When
capture of winter Chinook juveniles exceeded apipnakely 200 fish/trap, a random sub-
sample of the catch was taken to include approxaiyndi0 individuals, with all
additional fish being enumerated and recorded n@j¥k salmon race was assigned using
length-at-date criteria developed by Gre€h@92). Other data were collected at each
trap sampling and included: length of time trap gkeah, velocity of water immediately in
front of the cone at a depth of 0.6 m, and depttook “opening” submerged. Water
velocity was measured using a General Oceanic® M2aRR0 flowmeter. These data
were used to calculate the volume of water samipyedaps X). The percent river
volume sampled by traps @) was estimated by the ratio of river volume sarmpée
total river volume passing RBDD. River volun@) vas obtained from the California
Data Exchange Center's Bend Bridge gauging stétitp://cdec2.water.ca.gov/cgi-
progs/queryFx?bnd

Sampling effort—We quantified weekly rotary trap sampling effoytassigning a
value of 1.00 to a sample consisting of four, 2.4iemeter rotary-screw traps sampling
24 hours daily, seven days weekly. Weekly valuk9& represent occasions where less
than four traps were sampling, traps were strultyumaodified to sample only one-half
the normal volume of water or when less than selais were sampled.

Trap efficiency trials—Fish were marked with bismark brown staining solu
(Mundie and Traber 1983) prepared at a concentrati@1.0 mg/L of water. Fish were
stained for a period of 45-50 minutes, removed, alwved to recover in fresh water.
Marked fish were held for 6-24 hours before berlgased 4 km upstream from RBDD
after sunset. Recapture of marked fish was reddiateup to five days after release.
Trap efficiency was calculated based on the progonf recaptures to total fish released.

Trap efficiency modeling-Trap efficiency (i.e., the proportion of the junie
population passing RBDD captured by traps) was heodeith %40 to develop a simple
least-squares regression equation. The equatisrihga used to calculate daily trap
efficiencies based on daily river volume sampl@&d.model trap efficiency with @, we
conducted mark-recapture trials and estimateddfi@ency during trials as noted
above.

Passage estimatesWinter Chinook passage was estimated by emplayiag
model developed to predict daily trap efficiendy ). The trap efficiency model was
developed by conducting 129 mark/recapture trisRBDD and use&oQ as the primary
variate (Martin et al. 2001, Poytress and Car@ldd1). Trap efficiency estimates from
trials were plotted again%tQ to develop a least squares regression equatiol)eq
whereby daily trap efficiencies could be predicted.

2 Generated by Sheila Greene, California Departmievitaier Resources, Environmental Services Offiegr&mento (May 8, 1992)
from a table developed by Frank Fisher, Califobé@artment of Fish and Game, Inland Fisheries BraRed Bluff (revised
February 2, 1992). Fork lengths with overlapping assignments were placed with the latter spawning



Daily passagd FA{j ).—The following procedures and formulae were usetktive

daily and weekly estimates of total numbers of @irf@hinook salmon passing RBDD.
We definedCy; as catch at trap(i = 1,...1) on dayd (d = 1,... n), andXy; as volume
sampled at trap(i = 1,...t) on dayd (d = 1,...n). Daily salmonid catch and water
volume sampled were expressed as:

1 Cd :ZCdl
i=1

and,
t

2. Xg =D Xy
i=1

The%Q was estimated from the ratio of water volume saah|fty) to river discharge

(Qu) on dayd.

X
3. %0, =Q—d

d

Total salmonid passage was estimated onddaly= 1,...n) by

4. P, = S
d
where,
5. T, = (0.00720(%Q, ) +0.00145
and, 'fd = predicted trap efficiency on daly

Weekly passaqels).—PopuIation totals for numbers of Chinook salmorspas
RBDD each week were derived froR) where there arld days within the week:

o

A_En ~
6. —nZP

d=1

Estimated variance—

A 2 n ~ n ~ “
7. Var(P):(l—%)Nngd +% ZVar(Pd)+ZZCov(Pi,Pj)}
d=1

iZ]



The first term in eq. 7 is associated with sampbhdays within the week.

o

Zn:(FA)d - )2

The second term in eq. 7 is associated with esimgmaﬁi, within the day.

A

- - - A pn
A - A - +
9. Var(PO,):—F)d (lA T) +Var(T,) R T‘i)g Fa T
Td Td
where,
10. Var('I:d) = error variance of the trap efficiency model

The third term in eq. 7 is associated with estingabothlf? and I5j with the same trap
efficiency model.

. ~. Co(T,T.)PP
11. Cov«R,P) = ! 'M‘)' ’
T
where,
12. CoV(T, ,'I:j) =Var(q) + xiCov(d,,é) +X, Covd, B) + X ijar(,fS’)

for someT, =a + S

Confidence intervals (CI) were constructed arOIHAmBing eq. 13.

13. Ptt,,,..\Var(P)

Annual JPI's were estimated by summﬁ@cross weeks.

52
14. JPI=>P

week=1

Winter Chinook fry € 45 mm FL) and pre-smolt/smolt 46 mm FL) passage was
estimated by size class. However, the ratio otdrgre-smolt/smolts passing RBDD is
variable among years, therefore, we standardizezhjle production by estimating a fry-
equivalent JPI for among-year comparisons. Fryvadent JPI's were estimated by the
summation of fry JPI's and a weighted (1.7:1) pr@l§'smolt JPI (59% fry-to-



presmolt/smolt survival; Hallock undated). Rotamgp JPI's could then be directly
compared to JPE's.

Hypothesis testing- The JPI is a direct measure of juvenile producéind has
been used to track the JPE, an indirect measyuwyeile production (Martin et al.,
2001). Juvenile production estimates derived feffactive spawner populations based
on the 2010 carcass surveys (Carcass JPE) werdarsgamparisons with the fry-
equivalent JPI. The hypothesis we tested was:

Ho1 : Carcass JPE does not differ from in-river estesaf juvenile abundance (JPI)
Ha1 : Carcass JPE differs from in-river estimatesuggpile abundance (JPI)

We used a pairetdtest for testing significant differences usingngeas replicates.
We currently have twelve data points to comparé wie Carcass JPE. BY 2010 data
was added to the prior years’ data and comparedhiMyear evaluations were made by
comparing Carcass JPE’s with the JPI and detergniwimether the JPE’s fall within the
confidence intervals about the JPI.

Results

Sampling effort—=Weekly sampling effort throughout the 2010 brooa+ye
emigration period was highly variable and rangeanfi0.00 to 1.00% = 0.76,N = 52
weeks; Table 2). Weekly sampling effort rangearfi@.11 to 1.00X = 0.84,N = 26
weeks) between July and December, the period atesejuvenile winter Chinook
emigration, and 0.00 to 1.08 (= 0.67,N = 26 weeks) during the latter half of the
emigration period (Table 2).

Variance in sampling effort throughout the year barattributed to several sources.
They included (1) RBDD gate operations, (2) intemaél reductions in effort resulting
from cone modification(s), sampling < 4 traps, nsampled days, (3) California
Department of Fish and Game (CDFG) Scientific Guitg Permit restrictions for
capture of Threatened green sturgeon, and (4)emtiohal reductions in effort resulting
from high flows and/or elevated debris loads (F&g8). Ten of 52 weeks sampled had 3
or more different reasons why sampling effort weduced from the maximum value of
1.00 or 28 possible samples (i.e., 4 traps sampilimgodified for 7 days).

Trap efficiency trials—Four mark-recapture trials were conducted usingrady
produced fall run fry sized Chinook during the weinof 2011 to estimate rotary-screw
trap efficiency (Table 2)Sacramento River mean daily discharge sampled glting
trials ranged from 5,228 to 9,516 ¢fs= 7,180 cfs).EstimatedQ during trap
efficiency trials ranged from 3.70% to 5.44%= 4.60 %; Table 2).

Trials were conducted with RBDD gates raised, soteaps unmodified, and while
sampling with 4 trapa\ = 4). All trials were conducted using Chinook gdeal from
rotary traps, and trap efficiencies ranged fronB3®5.12%( x = 4.69%). The number

of marked fish released per trial ranged from 1,882,989 & = 1,750). The number of



marked fish recaptured after release ranged fromo @09 & = 83). All fish were
released after sunsahd 96% of recaptures occurred within the firsh@drs, 98%

within 48 hours, 99% within 72 hours, and 100% wit6 hours.One fish was
recaptured 142 hours after release during a noldrsevent. Fork lengths of fish marked
and released ranged from 31 to 48 mm*¥(36.6 mm). Fork lengths of recaptured
marked fish ranged from 32 to 42 mm= 36.3 mm).

Trap efficiency modeling=Trap efficiency was positively correlated%eQ, with
higher efficiencies occurring as river discharguutes decreased and the proportion of
discharge volume sampled by rotary-screw trapsas®d (Figure 4). Regression
analysis revealed a significant relationship betwieap efficiency an&oQ (P < 0.001).
The strength of the relationship was improved fitbat in 2009 (Poytress and Carrillo
2011) with the addition of four trials conductedidg brood-year 2010 = 0.49; Figure
4).

Fork length evaluations— The length frequency distribution of brood-yeal@0
juveniles captured at RBDD ranged from 30 mm to a®0 (Figure 5). Fry sized
individuals ranged from 30 to 45 mm and compris2® 0f all samples collected. Pre-
smolt/smolt sized individuaks46 mm represented the remaining 28% of brood-year
2010 winter Chinook samples.

Weekly median fork length of brood-year 2010 wir@inook ranged from 35 to
36 mm between week 28 and 41 (Table 3). Medianlérgths increased rapidly from
41 to 86 mm between week 42 and week 2. This wlasafed by variability and an
overall decrease between week 3 and week 5. Wesddlyan fork lengths generally
increased thereafter to 128 mm in week 17 (Figaje 6

Patterns of abundance-Brood-year 2010 winter Chinook juvenile passage at
RBDD was 1,281,778 fry and pre-smolt/smolts comthi(ieable 3). Winter Chinook
juvenile passage increased from 460 (week 28; miig)-8o 27,730 (week 32; mid-
August). Juvenile passage during week 33 was astohat 55,766 from a single day’s
sample of the week as traps were removed for RBp&ations associated with removal
of Lake Red Bluff. Peak passage of winter Chinpmeniles occurred predominantly
during weeks 36 through 43; the middle of Septentreaugh the middle of October
(Figure 6b).Juvenile passage generally declined following w&2kNovember) to 7,595
with pulses of fish passage associated with wistigmms (weeks 44 through week 11).
Total passage between weeks 28 through 52 was,323tdnd accounted for 97.1% of
total annual passage.

Brood-year 2010 fry sized juveniles4b mm FL) comprised 68% of total winter
Chinook passage (Table 3). Fry began to pass R&IDIg week 28 (early-July).
Weekly fry passage generally increased through 88K he estimated peak passage of
158,892 fry sized juveniles was observed during-8egtember in week 3Fry passage
remained relatively high between weeks 38 throughkvt3 and then steadily declined.
Fry passage ceased as fish fell outside the feydass by week 48 in December (Table
3; Figure 7b).



Brood-year 2010 pre-smolt/smolt sized juvenite$6 mm FL) comprised 32% of
total passage and the first observed emigrationRBBD occurred in week 34 (end of
August; Table 3).Weekly passage increased from 188 to 21,274 betweehk 34 and
42. Peak passage was observed in week 43 (OctttE2B,681. Weekly passage trends
generally declined thereafter through week 52.nfweeek 1 through week 17 of 2011,
juvenile winter Chinook passage diminished fromttieusands to the hundreds with
occasional minor peaks associated with storm awd dictivity (Table 3; Figure 8b).

Comparisons of JPI and Carcass JPEThe fry-equivalent rotary trap JPI for
brood-year 2010 was 1,566,507 (Table 3). The 90tidence intervals around the
estimate were 988,163 (lower) and 2,144,851 (upfarle 4). The NMFS brood-year
2010 fry-equivalent Carcass JPE was 1,049,385 €T4bl In 2010, the Carcass JPE fell
within the 90% CI about the rotary trap JPI excegdhe lower 90% value by
approximately 61,000 juveniles (Table 4). Byedircomparison of annual point
estimates, the Carcass JPE was 33% less than1Be@@ary trap JPl. The difference in
numerical values equated to (-) 517,122 juvenileteri Chinook (Table 4).

We combined data from 1996 to 2009 with brood-€H0 fry-equivalent JPI's
and JPE's to evaluate the linear relationship betwiee estimates. Thirteen observations
were evaluated using the carcass survey data aarbexy Chinook carcass survey did
not start until 1996 and rotary trapping at RBDDswat conducted in 2000 and 2001.
Rotary trap JPI's were significantly correlatedremd to Carcass JPE#S € 0.84,P <
0.001, df = 12; Figure 9).

In terms of the magnitude of the two estimatgzaiged t-test detected no
significant difference among rotary trap JPI's @adcass JPE's € -0.63,P = 0.54, df
=12). For the combined thirteen years of data, CarcaE%s Hveraged 3% greater than
rotary trap JPI's (range = -37 to +62%).

Discussion

Sampling effort—During BY 2010, sampling effort was 84% during wek-52
which accounted for 97% of the winter Chinook pgssadata collected. During the
RBDD gates in period, effort was reduced by onp toa each day of sampling for weeks
27 — 32, due to regulations requiring an 18-incaropg for each open gate (NMFS
2009). This resulted in less gates being open apaaito many previous years and less
area to sample behind the RBDD during this perioith® BY 2010 emigration. Martin
et al. (2001) determined that three traps wereartimemum that could sample to allow for
appropriate use of the trap efficiency model. @wilt of sampling three versus four
traps was less water volume sampled and conseguelutiver daily predicted trap
efficiency resulting in a relatively larger dailpgsage estimate. Overall, this period only
accounted for a mere 3.2% of the annual passageagstand was considered to not have
a significant effect on the annual estimate.



Sampling effort during week 33 (11%; Table 1) He=sliin a weekly passage
estimate of 55,769 (Table 3). Traps are unabsaiople this period as there is a
substantial change in river stage and hydrologgwehe RBDD between the gates
lowered and raised periods. Juvenile winter Chinpassage peaks in September
through October in most years and the weekly passatgmate for week 33 accounted
for 4% of the annual passage estimate.

Similar to BY 2008 and BY 2009, effort was notuedd intentionally to decrease
capture of winter Chinook juveniles during the tgdipeak emigration period (weeks 38
- 42). Effort was 100% during this period and pagsaccounted for 37% of the annual
estimate.

During the secondary migration period between Janarlad June, effort was
reduced between mid-March and April primarily agsult of high discharge levels from
Shasta/Keswick dams for flood control operatiorigfe 10a). Additionally, effort was
reduced intentionally to minimize catch of fall rproduction fish released from
Coleman National Fish Hatchery (April — May). Intenally reduced effort occurred by
sub-sampling portions of the night and day, modtdyiraps to sample at 50% effort, or
sampling less than 4 traps (Figure 3).

Trap efficiency modeling-On 4 occasions in 2011, we measured the efficiehcy
our rotary-screw traps by conducting mark-recaptuiaés using naturally produced fish
collected during trap sampling activities (Table P)ata from the 4 trials were combined
with data from 125 previously conducted trials todal the relationship between trap
efficiency and %) at RBDD (Figure 4).Trap efficiency was moderately correlated with
%Q (r> = 0.49), yet regression Analysis of Variance aungks to indicate a highly
significant relationship exists between model \aga P< 0.001, df = 128). Overall, the
correlation was improved over that reported in Resg and Carrillo (2011) by 7%.

Patterns of abundance-Brood-year 2010 winter Chinook juvenile passage at
RBDD from July 1, 2010 through June 30, 2011 wa81,778 fry and pre-smolt/smolts
combined. The 2010 total passage estimate was opde68% fry (875,023) and 32%
pre-smolt/smolts (406,755; Table 3).

Peak passage, representing 71% of the annuaksgitalate, occurred within an
eight week period from mid-September through latéeBer (Figure 6b). Between
October and the end of December (week 42 — week2¥irst storm events of the fall
season produced significant increases in discharigene and increased turbidity (Figure
10 a, b). The first storm event in late-October resulted iresy high increase in turbidity
from 2 NTU to 76 NTU (data point obtained from CDBEnd Bridge gauging station as
peak was not sampled; Figure 10b). As a resusiibatantial increase of fry and pre-
smolt/smolt winter Chinook passage occurred (T8bkEigure 6b & 8b) translating into a
weekly passage value comprising 32% of total prelgsmolt passage for the year.
Moreover, total passage for that week accounted366 of the annual total passage
estimate and appeared driven by the dischargeusbdlity change.
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In comparison to brood-year 2007, estimated juegrassage was 12% less in 2010
representing a juvenile cohort replacement ra@ &8 (Poytress and Carrillo 2010). The
winter Chinook adult return of 2010 was not imprdwver the returns seen in 2007
(USFWS 2008, USFWS 2011).

Egg to Fry Survival Rates-The estimated number of females spawning in the
Sacramento River in 2010 was 53.6% of that estichiat@007, yet the fry-equivalent
production values were within 100,000 juvenilest€ad). Barring highly variable
habitat conditions in the Sacramento River witlie last three years, which seems
unlikely given the highly regulated river systeng(eflow, temperature and gravel
augmentation), this raises some question as tadbracy of JPE’andJPI's. The
NMFS JPE model, assumes no variability in survofakecruits by using an average
survivorship value of 25% from estimated eggs mriker to fry leaving the spawning
grounds. Conversely, the USFWS JPI is calculatesd¢h on directly measuring juveniles
emigrating downstream of the spawning grounds (Mattal. 2001). Both estimates are
subject to measurement error, yet only the JPEHapotential to compound error
resultant from carcass survey data. Furthermatenated number of eggs per female
derived from Livingston Stone Winter Chinook Progtgn Hatchery data is directly
input into the JPE model without considerationaiés of fertilization, embryo and alevin
survival (Beacham and Murray 1990), or spawningiefficy (Wales and Coots 1955)
which assumedly varies annually. Compoundingehisr with a static egg to fry
survival rate simply allows more possible routegmwbr introduction than the JPI which
only introduces error related to the percent otimzé sampled (i.e., dependent variable in
the daily trap efficiency model).

As noted by Dumas and Marty (2006) for Atlantitvsan (Salmo salay survival to
the fry stage can vary between redds from 0 to @@éomean survival varies from 2% to
35%. For Pacific salmonids, Wales and Coots (19&%&)y results of Chinook salmon in
Fall Creek, CA, estimated egg to fry survival bedaw& and 32%, averaging 15%. Direct
observation using the JPI estimate resulted inggri@ fry survival rate of 37.3% in
2010 (Table 5). This is above that reported fdf Eeeek and in excess of one standard
deviation of the average survival rate of 25.2%uwlalted from JPI’s, carcass survey
derived females, and potential egg deposition (Bwradl994) data derived from annual
spawning records at Livingston Stone National FHslichery (Table 5). Interestingly,
the 13-yeanaveragevalue is identical to the 25% static value inpubithe NMFSJPE
model, which was derived from estimates of falli@iuk outmigrants from the Tehama-
Colusa Fish Facility artificial spawning channeighe upper Sacramento River between
1975 and 1980 (TCFF Annual reports 1975-1980).

Assuming the 2010 egg to fry survival rate measinethe JPI was correct, a
number of potential reasons as to why such a highworship in 2010 may have
occurred. These could include a lack of densipedeent factors for spawners,
utilization of high quality spawning sites by a lemrmber of spawners, and or high rates
of egg and alevin survival (Beacham and Murray 19%oreover, it may be inequitable
to compare fall run spawning efficiency (Wales &wabts 1955) to winter run because
flow regulated systems appear to result in sigaiftancreases in egg survival (Groot and
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Margolis 1991). Winter run Chinook salmon spawnimghe highly regulated (e.g.,
flow, temperature and gravel augmentation) SacréonRiver system should, at times,
result in very high levels of recruitment successpgawning efficiency in the absence of
density dependent factors. Conversely, if the 2IRI0point estimate seems
unreasonably high, the use of the lower 90% confidenterval value would result in an
egg to fry survival rate of 24% (Table 5), whictsimilar to the thirteen-year average
and the NMFS JPE model static value of 25% eggytsurvival.

The value of confidence intervals around poininestes for the management of
endangered winter Chinook cannot be overstatecbwkadge of the degree to which
estimate uncertainty exists should result in figleerd water operations managers being
able to make better resource decisions with lessoies data. Most appropriate for
management of the water and biological resourcéiseoSacramento system may be to
simply input an annual estimate of survival to RBPB., those leaving the spawning
grounds), with confidence intervals indicating @eleof uncertainty. Furthermore,
conduct specific research as to winter Chinookigahi lower reaches of the river
through coded-wire tagging of naturally produceddt RBDD to better estimate survival
to and through the Sacramento-San Joaquin Deltarsys

Comparisons of JPI's and JPEsRotary-screw trap JPI's and Carcass JPE's have
and continue to be strongly correlatefi= 0.84,P < 0.001, df = 12; Figure 9). The 2010
Carcass JPE was 33% less than the rotary tragdabBle(4), but fell within the bounds of
the rotary trap JP1 90% confidence intervals. Biggmt differences in the magnitude of
JPI's and Carcass JPE's were not detected witdtison of 2010 data € -0.63,P =
0.54, df = 12). We therefore accept the hypothiesithe cumulative 13 years of data
that carcass JPE’s do not significantly differ fromriver estimates of juvenile
abundance (JPI's).

Overall, the relationship between the direct meas@ijuvenile abundance (JPI)
and the indirect or modeled approach using camas®y data (JPE) remains strong.
The addition of the 2010 data continues to supghastrelationship, but as noted above,
the inclusion of a measure of uncertainty due touahvariability in the system should be
considered to better manage water resources atecpemdangered winter Chinook
salmon.
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Table 1.—Annual summary of weekly rotary trap pang effort. Full sampling
effort was indicated by assigning a value of 1®@ tveek consisting of four, 2.4 m
diameter rotary-screw traps sampling 24 hours dadyen days a week. The
juvenile winter Chinook brood-year (BY) is idenéifl as beginning on July 1 and
ending on June 30.

Sampling effort

Week BY 2010 Week BY 2010
27 (Jul) 0.75 1 (Jan) 1.00
28 0.75 2 0.86
29 0.75 3 1.00
30 0.75 4 1.00
31 (Aug) 0.75 5 (Feb) 1.00
32 0.75 6 0.89
33 0.11 7 1.00
34 0.75 8 0.96
35 (Sep) 1.00 9 (Mar) 0.89
36 1.00 10 0.86
37 1.00 11 0.82
38 1.00 12 0.00
39 1.00 13 (Apr) 0.00
40 (Oct) 1.00 14 0.43
41 1.00 15 0.43
42 1.00 16 0.43
43 0.86 17 0.29
44 (Nov) 1.00 18 (May) 0.38
45 0.96 19 0.79
46 1.00 20 0.86
47 0.96 21 0.86
48 (Dec) 1.00 22 (Jun) 0.91
49 0.86 23 0.54
50 0.57 24 0.57
51 0.57 25 0.32
52 0.69 26 0.43
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Table 2.— Summary of results from mark-recapttieds conducted in 201IN(= 4) to evaluate rotary-screw trap efficiency atiR
Bluff Diversion Dam (RK 391), Sacramento River, i@ahia. Results include the number of fish reBhsthe mean fork length at
release (Release FL), the number recaptured, the foek length at recapture (Recapture FL), contbhérap efficiency (TE %),
percent river volume sampled by rotary-screw ti@®), number of traps sampling during trials, mmdifion status as to whether or
not traps were structurally modified to reduce wadusampled by 50% (Traps modified), and RBDD gatdiguration at the time of

the trial.
Number RBDD
Number  Release FL Number Recapture FL  TE of traps Traps Gate
Trial# Year released (mm) recaptured (mm) (%) %Q sampling modified Configuration
1 2011 1,834 36.9 79 36.0 4.31 3.70 4 No Raised
2 2011 1,989 37.5 109 36.0 5.48 4.36 4 No Raised
3 2011 1,593 36.4 61 36.0 3.83 491 4 No Raised
4 2011 1,582 35.7 81 37.4 512 544 4 No Raised
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Table 3— Weekly passage estimates, median fork lengthwarehjle production indices (JPI's) for winter Chakasalmon passing
Red Bluff Diversion Dam (RK 391) for the period ydl, 2010 through June 30, 2011 (Brood-year 20R6%ults include estimated
passage (Est. passage) for fry (< 46 mm FL), prelgsmolts (> 45 mm FL), total (fry and pre-smaitslts combined) and fry-
equivalents. Fry-equivalent JPI's were generayagdighting pre-smolt/smolt passage by the invefgle fry-to-pre-smolt/smolt
survival rate (59% or approximately 1.7:1, Hallastdated).

Brood-year 2010

Fry Pre-smolt/smolts Total Fry-equivalents

Week Est. passage Med FL Est. passage Med FL Est. passage  Med FL JPI

27 (Jul) 0 - 0 - 0 - 0
28 460 35 0 - 460 35 460
29 1,130 36 0 - 1,130 36 1,130
30 1,757 36.5 0 - 1,757 36.5 1,757
31 (Aug) 11,105 37 0 - 11,105 37 11,105
32 27,730 36 0 - 27,730 36 27,730
33 55,766 36 0 - 55,766 36 55,766
34 12,110 36 188 46 12,298 37 12,430
35 (Sep) 32,639 36 326 49.5 32,965 36 33,193
36 79,547 36 564 49 80,111 36 80,506
37 158,892 36 1,615 48.5 160,507 36 161,637
38 72,867 36 1,268 53 74,135 36 75,022
39 96,248 36 5,487 52 101,736 36 105,577
40 (Oct) 130,696 36 7,659 52 138,355 36 143,716
41 88,838 36 19,035 54 107,873 36 121,198
42 32,531 36 21,274 55 53,806 41 68,698
43 65,747 40 128,681 55 194,428 51 284,505
44 (Nov) 1,885 42 5,710 57 7,595 54 11,592
45 4,188 43 51,308 58 55,496 57 91,411
46 680 44 29,655 61 30,335 61 51,093
47 100 44 18,293 63 18,392 63 31,197

20



Table 3— (continued)

Fry Pre-smolt/smolts Total Fry-equivalents
Week Est. passage Med FL Est. passage Med FL Est. passage Med FL JPI
48 (Dec) 109 45 22,182 63 22,291 63 37,819
49 0 - 16,851 65 16,851 65 28,646
50 0 - 16,566 68 16,566 68 28,163
51 0 - 14,799 66.5 14,799 66.5 25,159
52 0 - 7,907 70 7,907 70 13,442
1 (Jan) 0 - 13,808 76 13,808 76 23,473
2 0 - 3,155 86 3,155 86 5,364
3 0 - 4,451 76 4,451 76 7,567
4 0 - 4,025 87 4,025 87 6,842
5 (Feb) 0 - 211 70 211 70 358
6 0 - 430 96.5 430 96.5 731
7 0 - 2,120 103 2,120 103 3,604
8 0 - 1,325 103 1,325 103 2,252
9 (Mar) 0 - 1,819 105 1,819 105 3,093
10 0 - 2,068 103 2,068 103 3,515
11 0 - 2,026 1155 2,026 1155 3,444
12 0 - 0 - 0 - 0
13 (Apr) 0 - 0 - 0 - 0
14 0 - 1,527 109 1,527 109 2,597
15 0 - 282 1175 282 1175 480
16 0 - 0 - 0 - 0
17 0 - 139 128 139 128 236
18 (May) 0 - 0 - 0 - 0
19 0 - 0 - 0 - 0
20 0 - 0 - 0 - 0
21 0 - 0 - 0 - 0
22 (Jun) 0 - 0 - 0 - 0
23 0 - 0 - 0 - 0
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Table 3— (continued)

Fry Pre-smolt/smolts Total Fry-equivalents
Week Est. passage Med FL Est. passage Med FL Est. passage Med FL JPI
24 0 - 0 - 0 - 0
25 0 - 0 - 0 - 0
26 0 - 0 - 0 - 0
BY Total 875,023 406,755 1,281,778 1,566,507
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Table 4—Comparisons between juvenile production estimaleg) and rotary trapping juvenile production indi¢&Pl).
Carcass survey JPE’s were derived from the estthadalt female escapement from the upper Sacrankweo winter Chinook
carcass survey. From BY95 through BY99, assumsgtimed in the carcass survey based NOAA Fishd?iesibdel were as
follows: (1) 5% pre-spawning mortality, (2) 3,858per female, (3) 0% loss due to high water teatpee, and (4) 25% egg-to-
fry survival. From BYO0O through BY10, assumptidi8 were estimated using carcass survey data gatloerthe spawning
grounds, from Livingston Stone National Fish Hatgrepawning records, and aerial redd surveys, otisedy. Dashes (-)
indicate no survey conducted.

Rotary-trappindg
90% C.l.
Brood-year Fry-equivalent JPI Lower Upper

1995 1,816,984 1,658,967 2,465,169
1996 469,183 384,124 818,096
1997 2,205,163 1,876,018 3,555,314
1998 5,000,416 4,617,475 6,571,241
1999 1,366,161 1,052,620 2,652,305
2000 - - -

2001 - - -

2002 8,205,609 4,287,999 12,162,377
2003 5,826,672 4,091,200 7,563,240
2004° 3,758,790 2,673,168 4,846,169
2005 8,941,241 6,024,027 12,034,853
2006 7,301,362 4,891,041 9,706,610
2007 1,642,575 1,058,274 2,226,877
2008 1,371,735 858,304 1,885,166
2009 4,993,787 2,757,558 7,230,016
2010 1,566,507 988,163 2,144,851

Carcass survey

Fry-equivalent JPE

Female Spawners

550,872
1,386,346
4,676,143
1,490,249
4,946,418
5,643,635
6,964,626
6,181,925
2,786,832

12,109,474
11,818,006
1,864,521
1,952,614
3,728,444
1,049,385

571
1,437
4,847
1,626
5,397
4,827
5,670
5,179
3,185
8,807
8,626
1,517
1,443
2,702

813

a Rotary trap fry equivalent JPI generated by sungrfiip passage at RBDD with a weighted pre-smoltlspessage estimate. Pre-smolt/smolts were weidhyeapproximately 1.7 (59% fry to pre-

smolt/smolt survival; Hallock undated).
b Carcass survey JPE using estimated effective sgrgvapulation from Snider et al. (1996-2000) andd@rOppenheim (2000-2011), NOAA Fisheries pers comm
“The 2004 JPE calculations used a standard valieeondity of 3,500 eggs/female (Bruce Oppenhei@620l0AA Fisheries, pers. comm..).
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Table 5—Summary of estimated egg to fry (ETF) survival saderived from winter Chinook carcass survey female
escapement estimates, estimates of the numbepgsfpay female (potential egg deposition), and tBBR rotary trapping fry-
equivalent JPI. Lower and upper 90% confidencervwatis (L90 CI: U90 CI) and associated estimateatafs of egg to fry
survival in parentheses. Dashes (-) indicate meeguwas conducted.

Potential
Brood- Female Egg Fry-equivalent JPI Estimated ETF Survival Rate (%)
year Spawneré Depositior? (L90 CI : U90 CI) Recruits/Female (L90 CI: U90 CI)
1996 571 3,859 469,183 (384,124 : 818,096) 822 21.3(17.4:37.1)
1997 1,437 3,859 2,205,163 (1,876,018 : 3,555,314) 1,535 39.8 (33.8:64.1)
1998 4,847 3,859 5,000,416 (4,617,475: 6,571,241) 1,032 26.7 (24.7 : 35.1)
1999 1,626 3,859 1,366,161 (1,052,620 : 2,652,305) 840 21.8 (16.8 : 42.3)
2000 - - - - -
2001 - - - - -
2002 5,670 4,923 8,205,609 (4,287,999 : 12,162,377) 1,447 29.4 (15.4 : 43.6)
2003 5,179 4,854 5,826,672 (4,091,200 : 7,563,240) 1,125 23.2 (16.3:30.1)
2004 3,185 5,515 3,758,790 (2,673,168 : 4,846,169) 1,180 21.4 (15.2: 27.6)
2005 8,807 5,500 8,941,241 (6,024,027 : 12,034,853) 1,015 18.5(12.4 : 24.8)
2006 8,626 5,484 7,301,362 (4,891,041 : 9,706,610) 846 15.4 (10.3: 20.5)
2007 1,517 5112 1,642,575 (1,058,274 : 2,226,877) 1,083 21.2 (13.6 : 28.7)
2008 1,443 5,424 1,371,735 (858,304 : 1,885,166) 965 17.8 (11.0:24.1)
2009 2,702 5,519 4,993,787 (2,757,558 : 7,230,016) 1,848 33.5(18.5:48.5)
2010 813 5,161 1,566,507 (988,163 : 2,144,851) 1,927 37.3(23.6 : 51.1)
Average 1,205 25.2 (7.6: 36.7)
Standard Deviation 372 7.7 (6.5:12.7)

& Carcass survey derived estimated effective spapmyaulation from Snider et al. (1996-2000) and Br@ppenheim (2000-2011), NOAA Fisheries pers comm.

b Egg estimates derived from Coleman National Fistcliay average of 76 females spawned in 1995hfoyears 1996-1999. Data for 2002 — 2010 derik@d finnual average egg counts of winter

run brood stock spawned at the Livingston StonéoNat Fish Hatchery.

¢ Rotary trap fry equivalent JPI generated by sungnfiip passage at RBDD with a weighted pre-smoltlispassage estimate. Pre-smolt/smolts were weiddhyeapproximately 1.7 (59% fry to pre-

smolt/smolt survival; Hallock undated).
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Figure 1. Location of Red Bluff Diversion Dam on the Sacramento River, California at
river kilometer 391 (RK 391).
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Red Bluff Diversion Dam Complex
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Figure 2. Rotary-screw trap sampling transect at Red Bluff Diversion Dam Complex (RK391) on the Sacramento River, California.
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2010 Weekly Rotary Trap Sampling Effort by Category
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Figure 3. Weekly (bars) and monthly rotary trap glamg effort for the period July 1, 2010 througméwB0, 2011 by category.
Sampled portions represented by black bars; unsmhgartions designated in descending order of &equ intentional reductions
in effort (dark grey), RBDD operations (light greyhintentional reductions (dark green) and CDF@njiterestrictions (red).

28



6 Trap Efficiency Modeling at RBDD

N =129
r2=0.49 ® ®
s ] P<0.001 ® @
Y =0.0072029 (%Q) + 0.0014476
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Figure 4. Trap efficiency model for combined 2.4limmeter rotary-screw traps at Red Bluff Diverdizam (RK 391), Sacramento
River, CA. Mark-recapture trials were used toneate trap efficiencies and trials were conducteidgieither four trapd\ = 96),
three trapsN = 11), or with traps modified to sample one-ha#f hormal volume of wateN(= 22).
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Brood-year 2010 Winter Chinook Fork Length Frequenc vy Distribution
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Figure 5. Fork length frequency distribution obbd-year 2010 juvenile winter Chinook salmon samhjige rotary-screw traps at

Red Bluff Diversion Dam (RK 391), Sacramento Riv@alifornia. Fork length data was expanded to wasueed individuals when
sub-sampling protocols were implemented. Sampliag conducted from July 1, 2010 through June 30120
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Weekly Median Fork Length and Estimated Abundance
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Figure 6. Weekly median fork length (a) and estedabundance (b) of juvenile winter Chinook salrpassing Red Bluff

Diversion Dam (RK 391), Sacramento River, CalifarnWinter Chinook juveniles were sampled by rofsgsew traps for the period
July 1, 2010 through June 30, 2011. Box plotsldispeekly median fork length, 10th, 25th, 75thd &@th percentiles and outliers.
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Fry Weekly Median Fork Length and Estimated Abundan  ce
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Figure 7. Weekly median fork length (a) and estedabundance (b) of winter Chinook salmon fry pesRed Bluff Diversion
Dam (RK 391), Sacramento River, California. Wirdrinook juveniles were sampled by rotary-screywsrr the period July 1,
2010 through June 30, 2011. Box plots display \Wweeledian fork length, 10th, 25th, 75th, and 90&centiles and outliers.
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Pre-smolt/smolt Weekly Median Fork Length and Estim  ated Abundance
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Figure 8. Weekly median fork length (a) and estedabundance (b) of winter Chinook pre-smolt/smpéssing Red Bluff
Diversion Dam (RK 391), Sacramento River, CalifarnWinter Chinook juveniles were sampled by rofsgsew traps for the period
July 1, 2010 through June 30, 2011. Box plotsldispreekly median fork length, 10th, 25th, 75thd &@th percentiles and outliers
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Linear Relationship Between JPI's and JPE's
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Figure 9. Linear relationship between rotary-act@p fry-equivalent juvenile production indicdgofary Trap JPI) and carcass
survey derived juvenile production estimates (CsscHE).
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Maximum Daily Discharge and Average Daily Turbidity Values
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Figure 10. Maximum daily discharge (a) calculated from the California Data Exchange Center's Bend Bridge gauging station and average daily
turbidity values (b) from rotary-screw traps at RBDD for the period July 1, 2010 through June 30, 2011.
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